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USE  OF  TETANUS  ALLERGEN  FOR  DETERMINING 
THE  SENSITIVITY  OF  PEOPLE  TO  TETANUS 
ANATOXIN 


B.  D.  Bychenko,  M.  K.  Stroganova, 

K.  I.  Matveyev,  V.  F.  Runova, 

A.  N.  Petrov,  Ye,  M.  Kasparova 
and  V.  Yu.  Gavrilenkova 

State  Control  Institute  iraeni  Tarasevich, 

Institute  of  Epidemiology  and  Microbiology 
imeni  Gamaleya  of  the  Academy  of  Medical 
Sciences,  USSR  and  the  Institute  imeni  Skli- 
fosovskiy,  Moscow  (Received  17  August  1970). 

Peacetime  research  on  tetanus  epidemiology  in  the  USSR  and 
in  other  countries  (Matveyev,  I960;  Chernaya  and  Kovtunovich, 

1968;  Bychenko,  1970)  made  it  possible  to  arrive  at  the  conclusion 
that  in  the  majority  of  cases  (50-80$)  the?  traumas,  which  preceded 
a disease,  were  so  insignificant  that  the  victims  did  not  appeal 
for  medical  assistance.  This  important  fact  attests  to  the  fact 
that  reliable  protection  from  tetanus  can  be  provided  for  only 
by  means  of  the  continuous  immunization  of  the  population.  Special 
prophylaxis  even  with  its  100$  efficiency  is  capable  of  preventing 
the  development  of  the  disease  in  only  ~ part  of  the  persons, 
who  got  traumas  potentially  dangerous  with  respect  to  tetanus. 
However,  it  continues  to  play  Important  part  in  the  solution  of 
the  problem  concerning  the  protection  of  each  wounded  person  against 
tetanus.  The  individual  selection  of  remedies  for  the  special 
prophylaxis  of  tetanus  depends  on  a number  of  factors:  1)  on 

information  about  vaccinations  with  tetanus  anatoxin  in  the  past. 
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2)  the  state  of  immunity  to  tetanus  at  the  moment  of  examination 
(titer  of  antitoxin  in  the  blood  serum),  3)  on  the  sensitivity 
to  antitetanus  serum  or  tetanus  antitoxin  (allergy). 

Since  the  registration  of  vaccinations  against  tetanus  in 
adults  is  still  insufficiently  imposed,  the  development  of  a rapid 
method  of  detection  of  the  antitoxin  in  the  blood  serum  and  of  tests 
to  determine  increased  sensitivity  to  tetanus  anatoxin  and  anti- 
tetanus serum  has  important  practical  value.  The  timely  application 
of  such  methods  and  tests  will  make  it  possible,  on  one  hand,  to 
insure  protection  against  tetanus,  tout  on  the  other  hand,  to  avoid 
the  complications  connected  with  the  use  of  a serum  or  anatoxin 
in  many  cases. 

The  purpose  of  this  work  was  research  on  the  state  of  sensitiv- 
ity to  tetanus  anatoxin  in  people  by  measuring  the  concentration  of 
antitoxin  in  the  blood  serum  with  the  aid  of  neutralization  reactions 
and  macro  and  microhemagglutination  with  the  simultaneous  determina- 
tion of  the  sensitivity  of  the  examined  persons  to  the  tetanus 
a1 1ergens . 

Tetanus  allergen  was  prepared  for  the  first  time  by  Shvarts  and 
Shlyakhov'  according  to  the  original  method  (1970).  Two  tetanus  aller- 
gens in  the  present  work  are  used , from  concentrated  purified  tetanus 
anatoxin  and  from  microbe  cells  of  a 3-day  culture  of  the  No.  15^ 
strain  Cl  tetanl  (MKTU-^2,  No.  3M-69). 

Observations  were  performed  on  201  volunteers  from  16  to  65 
years  of  age  (172  women  and  29  men),  80$  of  whom  were  immunized  in 
the  past  with  tetanus  anatoxin. 

Blood  from  a vein  in  a 5-7  mi  quantity  was  taken  to  determine 
the  titer  of  antitoxin  of  each  person.  The  titer  of  antitoxin 
was  determined  by  three  methods:  in  a neutralization  reaction  (S’.N) 

in  white  mice,  in  a passive  hemagglutination  (HFGA)  reaction 
which  was  produced  according  to  the  previously  described  method 
(Bychenko  and  co-auth.,  19^*9  )>  and  with  the  aid  of  an  allergic  test. 

FTD-MT-24-l61|6-7i»  ? 


The  allergen  was  administered  intradermally  to  volunteers  in  the 
left  forearm  in  a 0.1  ml  quantity  (30  yg  of  protein).  This  dose 
usually  caused  skin  hyperemia  of  a diameter  of  more  than  1 cm  in 
persons,  immunized  with  the  tetanus  anatoxin  and  who  had  antitoxin 
in  a quantity  equal  or  exceeding  0.1  ME/mZ,  in  the  blood  serum.1 
The  diameter  of  the  hyperemia  was  measured  24  hours  after  the 
administration  of  the  allergen. 

For  the  reimmunization  and  immunization  of  the  volunteers  the 
tetanus  adsorbed  anatoxin  of  series  No.  763  containing  20  EC  in 
1 m Z was  used.  On  the  10th  day  after  each  administration  of 
anatoxin  a skin  sample  was  made  and  the  titer  of  antitoxin  in  the 
blood  was  checked.  The  obtained  results  were  subjected  to 
statistical  processing,  utilizing  correlation  and  regressing 
analyses. 

Depending  on  the  nature  of  the  skin  test  with  tetanus  allergen 
and  the  antitoxin  level  in  the  blood  serum,  the  examined  persons 
consisted  of  four  independent  groups  (Table  1).  The  1st  group 
included  the  persons  whose  skin  reaction  diameter  exceeded  10  inm, 
and  the  titer  of  anuitoxin  in  the  blood  serum  exceeded  0.01  in  1 
ml.  The  2nd  group  included  all  the  volunteers  whose  skin  reaction 
to  the  allergen  was  negative,  but  the  titer  of  antitoxin  in  the 
blood  serum  was  below  0.001  in  1 ml.  The  third  group  consisted 
of  those  persons  whose  skin  test  was  positive  (diameter  of  the 
hyperemia  >x0  ml),  but  the  titer  of  antitoxin  in  the  blood  scrum 
was  below’  0.001  in  1 ml.  Finally,  the  4-th  group  had  to  consist 
of  the  volunteers  whose  skin  reaction  would  be  negative,  but  the 
titer  of  antitoxin  in  the  blood  serum  would  be  above  0.01  in  1 ml. 
However , in  the  present  investigation  of  such  persons  it  did  not 
appear. 


lRE  - International  Unit  or  Naas  Unit;  EC  - Scrum  Unit:  probable 

expansions. 
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Table  1.  Distribution  of  volunteers  by  groups  defending  on  the 
nature  of  the  skin  reaction  and  concentration  of  antitoxin  in 
the  blood. 


1 Results  of  the 

investigation  of 

| the  groups 

Number 

examined 

1st 

2d  ’ 

3d  j 

4th 

Total 

m 

1 

mm 

+ 

WM 

/ 

WM 

/ 

1 

n 

1 

Men  

19 

4 

6 

0 

29 

Women  

85 

26 

61 

Q 

172 

Total 

104 

30 

67 

0 

201 

Designations:  +/+  presence  of  a skin  reaction  and  antitoxin; 

-/-  absence  of  a skin  reaction  and  antitoxin;  +/-  presence  of 
a skin  reaction  and  absence  of  antitoxin;  -/+  absence  of  a skin 
reaction  and  presence  of  antitoxin. 
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In  134  volunteers  the  agreement  of  the  nature  of  the 

skin  reaction  with  the  detection  of  antitoxin  in  the  blood  was 
noted,  i.e.,  both  of  these  signs  were  either  positive  (1st  group) 
or  negative  (2nd  group).  In  the  remaining  33*  of  the  inspected 
persons  the  rcmutn  of  the  determination  of  the  indicated  signs 
did  not  coincide. 


Correlation  analysis  of  the  obtained  results  made  it  possible 
to  establish  that  between  the  antitoxin  level  in  the  blood  \ 

serum  and  the  diameter  of  the  skin  reaction  to  the  administration  s 

d 

of  the  allergens  there  was  a rectilinear  connection.  The  j 

correlation  coefficients  were  equal  to:  G.55  -hen  using  an 

allergen  from  anatoxin  and  ".41  when  using  &-v  allergen  from 
microbe  cells. 
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Despite  the  fact  that  the  degree  of  this  connection  was  not 
high,  the  reaction  of  the  examined  persons  is  indisputably  specific. 
The  fact  that  in  675$  of  the  people  an  explicit  dependence  between 
the  presence  of  antitoxin  in  the  blood  serum  and  the  skin  test 
results  was  observed  attested  to  this.  Furthermore,  we  were  never 
able  to  fix  a negative  skin  reaction  to  the  allergen  in  those  who 
had  a detectable,  with  the  aid  of  the  neutralization  reaction, 
quantity  of  antitoxin  in  the  blood.  The  titer  of  antitoxin  and 
skin  reaction  to  the  administration  of  the  allergen  changed  rela- 

different  signs  (see  figure). 


Regression  analysis  of  data,  charac- 
terizing the  connection  between  the 
skin  reaction  to  allergens  and  titers 
of  antitoxin  in  the  blood  of  volunteers. 
X is  the  diameter  (in  jam)  of  the  skin 
hyperemia  on  the  site  of  the  administra- 
tion of  the  allergen,  obtained  from 
the  anatoxin;  U is  the  geometric  titer 
of  antitoxin  (in  ME/mt) ; Z is  the 
diameter  (in  mm)  of  the  skin  hyperemia 
at  the  site  of  the  administration  of 
the  allergen,  obtained  from  cells  Cl 
tetani . 


Analogous  results  were  obtained 
by  Shvarta  and  Shlyakhov  (1970). 


The  positive  reaction  to  the  allergens  of  people,  in  whose 
blood  it  was  impossible  to  detest  the  antitoxin,  was  the  most  dif- 
ficult to  explain.  In  the  past,  this  reaction  could  bear  a traceable 
nature  in  vaccination  with  tetanus  anatoxin.  The  answer  to  this 
question  could  be  obtained  only  by  administering  a stimulating 
dose  of  anatoxin  to  volunteers.  With  this  aim,  15  arbitrarily 
selected  volunteers  of  the  3rd  group  were  administered  20  EC  of 
the  adsorbed  tetanus  anatoxin.  In  S of  them  the  build-up  of  the 
titer  of  antitoxin  with  the  aid  of  the  neutralisation  reaction 
was  possible  tc  determine  on  the  10th,  and  in  7,  bn  the  SiGth 


tive  to  each  other  like  the 
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day  after  immunization  (Table  2).  In  11  examined  persons  v ~3. 3£) 
the  concentration  of  antitoxin  in  the  blood  exceeded  consi  ‘ ?rably 
0.01  ME /mZ,  which  attested  to  the  revaccinating  action  of  lie 
anatoxin. 


Table  2.  Change  in  titers  of  antitoxin  in  volunteers 
of  the  3rd  group  after  administration  of  the  . stimula- 
ting dose  of  anatoxin  (20  KC). 


No. 

P/P 

Titer  of  antitoxin 
(in  KE/ra l)  on  the 
10th  day 

No. 

P/P 

Titer  of  antitoxin 
(in  ME/mZ)  on  the 
40fch  day 

RN* 

RPGA** 

RN* 

RPGA** 

1 

7-5 

256.0 

> 

i 

0.75 

0.25 

2 

7.5 

128.0 

2 

0.75 

1.0 

3 

3-0 

6!4.0 

3 

0.75 

0.5 

k 

0.75 

64.0 

4 

0.75 

0.31 

5 

0.01 

0.03 

5 

0.5 

0.125 

6 

0.3 

256.0 

6 

0.006 

0.003 

7 

0.006 

0.0i6 

7 

0.0(i 

0.03 

8 

0.006 

0.016 

*KN , 
hema 

Neutralisation  Reaction ; 
gglutination  reaction. 

**UP0A,  Passive  j 

The  volunteers  of  the  2nd  group  (15  people,  who  did  not  hove 
detectable  concentrations  of  antitoxin  for  proof  of  the  specificity 
of  the  allergon  action  a«:d  who  did  not  react  to  the  allergens) 
obtained  two  injections  of  tetanus  anatoxin  (2d  KC)  with  a 4 -week 
interval  in  Use  blood.  The  content  of  antitoxin  1st.  the?  blood  was 
cheeked  and  a skin  test  with  allergens  was  swuu;  on  the  10th  day 
after  each  injection  in  those  persons. 


The  skin  test  for  allergen;,  was  positive  in  all  the  volunteers, 
Wijftrens  a noticeable  build-up  of  the  fciter  of  antitoxin  was  noted 
in  only  5 of  thoss  (Table  3)  on  the  10th  day  after  the  first 
injection  of  anatoxin.  After  the  second  stlrnla ting  dose  of 
anatoxin  the  intensity  of  the  allergic  reaction  in  all  those  who 

I 
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Table  3-  Change  in  titers  of  antitoxin  and  intensity  of  the  allergic  reaction 
in  volunteers  of  the  2nd  group . 


were  immunized  remained  at  the  previous  level,  whereas  the  concen- 
tration of  antitoxin  in  the  blood  was  noticeably  increased.  These 
results  indicated  the  possibility  of  using  an  intradermal  test  with 
allergens  for  determining  of  the  early  immunological  reaction  of 
the  human  organism  to  tetanus  anatoxin  in  that  period  when  the 
concentration  of  antitoxin  in  the  blood  is  still  very  low  (<0.001 
ME/mZ).  In  this  case  the  absence  of  the  necessary  direct  depen- 
dence of  the  diameter  of  hyperemia  at  the  site  of  the  administra- 
tion of  the  allergen  on  the  value  of  the  revealed  titer  of  the 
antitoxin  was  noteworthy. 

Conclusions 

1,  The  specificity  of  the  action  of  the  tetanus  allergens 
v ,»  j exhibited  in  the  fact  that  theji  always  caused  a local  re- 
action (during  intradermal  administration)  in  people,  who  had 
detectable  concentrations  of  the  antitoxin  (>0.001  ME/mZ)  in  the 
blood. 

2.  Between  the  titers  of  the  circulating  antitoxin  and  the 
intensity  of  the  skin  reaction  to  the  allergens  in  people  slight 
linear  dependence  (correlation  coefficients  0.55  and  0 . hi ) is 
noted,  which  attests  to  the  nonidentity  of  both  tests. 


3.  The  simultaneous  use  of  the  rapid  method  of  detection 

of  the  antitoxin  in  the  blood  (passive  hemagglutination  reaction) 
and  the  intradermal  test  with  allergens  made  it  possible  to 
establish  that  5 0 % of  those  examined  (104  of  the  201)  with  an 
unknown  inoculative  anamnesis  obtained  the  tetanus  anatoxin  in 
the  past. 

4.  The  intradermal  test  with  tetanus  allergens  can  be 
important  for  revealing  persons  with  increased  sensitivity  to 
tetanus  anatoxin  and  selecting  the  remedies  for  the  prophylaxis 
of  tetanus  in  wounded  persons  with  unknown  inoculative  anamnesis. 
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The  authors  discuss  the  problem  of  a possibility  of  using  tetanus  allergen  for  detection  j 
of  increased  sensitivity  of  man  to  tetanus  toxoid.  Two  allergens  (obtained  by  the  method  ! 
of  , Krutova}  — the  first  from  the  toxoid,  and  the  second  front  the  microbial  cells,  were  investi-  j 
gated.  In  parallel  with  infradennal  tests,  a determination  was  male  of  the  titre  of  the  anti- 1 
toxin  circulating  in  the  blocd.  ' | 

it  was  shown  that  the  action  of  the  allergens  was  specific  — a local  reaction  in  the  form  ■ 
of  hyperemia  always  appeared  in  persons  whose  blood  antitoxin  level  was  5*0.001  iU/ml.  | 
Intradermal  lest  with  allergens  has  offered  a possibility  of  detecting  an  early  imniuno*  ! 
logical  reaction  of  the  organism  in  response  to  the  administration  of  tetanus  toxoid,  i.  e.  be- ] 
fore  the  antitoxin  appeared  in  the  blood  of  the  immunized  persons.  Intradermal  test  with 
an  allergen  could  be  used  as  an  auxiliary  test  to  passive  h'-nagglutinnlion  reaction  to  deter- 
mine the  state  of  increased  sensitivity  of  man  to  tetanus  toxo'd,  ■ 
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